Compressed Natural Gas: The new alternative fuel for the Algerian transportation sector  by Amrouche, Fethia et al.
Procedia Engineering 33 (2012) 102 – 110
1877-7058 © 2012 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2012.01.1182
Available online at www.sciencedirect.com
Available online at www.sciencedirect.com
Procedia 
Engineering 
Procedia Engineering  00 (2011) 000–000 
www.elsevier.com/locate/procedia
ISWEE’11 
Compressed Natural Gas: The new alternative fuel for the Algerian 
transportation sector 
Fethia Amrouche a,F*F, Ahmed Benzaouib , Farid Harouadic, Bouziane Mahmaha and 
Maiouf Belhamela
aCenter of Renewable Energy Development, B.P. 62, Observatory Street, Bouzaréah, Algiers, Algeria 
bPhysics Faculty, Houari Boumedienne Sciences and Technology University, B.P.32, 16111Bab Ezzouar  Algeries, Algeria 
cMechanics Laboratory, 8 May 45 University, Guelma, Algeria 
Abstract 
The Climate change has seriously impacted on the environment of the human beings. Though, most of the climatic warming that 
has occurred has been caused by human activities, in particular the burning of fossil fuels that generate the greenhouse gas 
emissions. However, in urban area, the transport sector is one of the most important causes of the high levels of atmospheric 
pollution: greenhouse gas and fine particulate matter emitted by the gasoline and diesel engines. The introduction of alternative 
fuel in the transport sector which is less pollutant, economically more affordable and more available is an alternative quite 
interesting to reduce air pollution while allowing economic and social development of Algeria. Using Compressed Natural Gas 
‘CNG’ for vehicle is an alternative which is environmentally friendly as well as economically and energetically interesting, it is 
also in accordance with the world energy tendency which sustains the future use of gaseous fuels that are subscribed in the 
decarbonization process of the energetic systems (reducing the fuels carbon content). 
In this item, an overview of the Algerian automobile fleet will be exposed. And the economic, energetic and environmental 
matters of the introduction of the CNG as fuel in the Algerian transport sector will be discussed.  
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1. 0BIntroduction 
Algeria is located on a territory covering an area of over 2.3 million km2, of which over two thirds in deserts [1].  
This country enjoys considerable attention with regards to the challenges of climate change. Climate data recorded 
in the region during the 20th century indicate a warming during this century estimated to more than 1 ° C with a 
pronounced tendency in the last 40 years [2]. These data also show a net increase in the frequency of extreme events 
(droughts and floods) also the duration and intensity of heatwaves. Current climate models converge to estimate a 
likely warming in the region of about 2 ° to 4 ° during the 21st century, notably with more than 1 ° C warming 
between 2000 and 2020 [2] [3]. Most of the climatic warming has been caused by entropic activities in which the 
burning of conventional fossil fuels has a huge effect. In fact, the transport sector is one of the most important 
causes of the high levels of air pollution in urban area.  
Several alternative fuels have been recognized as having an important potential for producing lower overall 
pollutant emissions compared to gasoline and diesel fuel. However, in Algeria, Natural gas has been identified as a 
leading candidate for transportation applications among these fuels for these six reasons: (1) It is the only fuel 
cheaper than gasoline or diesel. (2) It has inherently lower air pollution emissions. (3) It can be used in conventional 
diesel and gasoline engines. (4) Its use extends petroleum supplies, (5) there are large quantities of the fuel available 
in Algeria, and (6) the infrastructure of distribution by pipeline is very developed. 
1. 1BCharacteristics of the Algerian automobile fleet   
1.1. 3BMobility   
Algeria has known a strong demographic and economic growth. This development is particularly important since 
it had led to a very high economic and social dynamics that enabled cities to be spread out in space as in the cities of 
Algiers, Oran and Constantine that had been developed horizontally. A fragmentation places of residence and 
employment leads to a sharp rise of travelling distance.  For that reason, the road transport is the dominant mode of 
passenger transportation in Algeria. Indeed, Algerian traffic road represents more than 80% of the transport sector 
[4]. 
1.2. 4BAutomobile fleet growth  
The rising standard of living and credit facilities tend to promote an increased of the Algerian automobile fleet. 
Fig. 1 represents the evolution of vehicles number.
  The Algerian automobile fleet increased substantially over the past eight years. However, the estimated levels of 
motorized transport is about 112 Vehicle per 1000 habitant in 2008, While the motor vehicles per 1000 Population 
in the period of 2000– 2005 were 153 for the world, 536 for more developed countries and 43 for the less developed 
countries [5]. The growth of the Algerian fleet is high.  
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Fig.1: Algerian automobile fleet growth 
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Many factors contribute to this keen interest, which certainly does not yet touch the majority of population: 
growth in income level, liberalization of the automobile market, reduction of the purchase price of vehicle to the 
programs value for the so-called people's car to facilitate the purchasing a car by the middle classes. Among the 
socio-cultural factors within this trend, we must also mention the acquisition of the driver license that is developing 
among women [6]. 
The automobile fleet age's determines the technologies used for the fuel consummation and the reduction of 
polluting gases emitted. In Algeria, the automobile fleet is not young then it consumes lot of carburant and emits 
many pollutants. Indeed, vehicles aged less than 6 years old represent only a quarter of the Algerian fleet, while 
those aged over 8 years represent the greatest number (more than 75 %). 
Moreover, the most common vehicle type uses in Algeria in 2008 is the private automobile (70 %) while the 
others type represents only 30 % of the fleet.  
In order to have representative data of the actual use of vehicles in Algeria, several investigations were conducted 
to determine the annual mileage of the vehicles. According to surveys conducted between 1994 and 2003 in several 
districts across the country, the Algerian private vehicles (PV) have an average annual mileage of 30 000 km while 
the light commercial vehicles (LCV) have an average annual mileage of 38 000 km for vehicles aged less than 5 
years, average annual mileage decreases with age, but remains higher than in European countries. The lifetime of the 
vehicle is longer, with an average age above 10 years and a level of maintenance relatively low [7]. 
1.3. 5BFuels used in Algeria 
In 2007, the transport sector is the second largest energy consumer after the residential and the tertiary sector [8]. 
Its consumption represented 33% amounting to 6.5 million tonne of oil equivalent (TOE) of the final energy 
consumption [8], with a rate of dependence on petroleum products by 98% [9], in which gasoline is the main source 
of energy for 53% of vehicles. Of the total vehicles 4% run on bi-fuel (LPG/Gasoline), and 47% of vehicles run on 
diesel fuel, according to the data from the National Statistics office (ONS), 2007. 
1.4. 6BPollutants emission from Algerian transport sector 
According to the National Agency for the Promotion and Rationalization of the Use of Energy (ANPRUE), in 2007, 
the transport sector is responsible for nearly 25% of total GHG emissions, representing 19 MtCO2; it is the most 
pollutant activity sector [10]. 
Air pollution is mainly caused by:  
• the large development of the fleet,  
• the advanced age of many of the vehicles,  
• lack of maintenance and pollution control system,  
• the fuel used and the type of traffic in cities, 
• the preponderance of cars on the roads instead the bus (transport common). 
For all those reasons, it is necessary to consider the solutions to prevent and reduce pollutant emissions from road 
transport.  
A retrospective analysis of the evolution of land transport on the plans of: the park; the traffic laws; etc.., has to be 
performed. It is important to identify opportunities for future improvement of this sector in Algeria: (institutional 
reform, construction of urban roads, optimization of traffic management, promotions of public transport (buses, 
trains…), widespread use of gas fuel (LPG, CNG, HCNG, H2), etc…). 
The introduction of gaseous fuel in the transport sector which is less pollutant, economically more affordable and 
more abundant is an alternative quite interesting. The Compressed Natural Gas “CNG” called also Natural Gas 
Vehicle “NGV” includes all those features and it is designated to be the Algerian automotive fuel. The action 
programs carried out throughout the world wide relating to the CNG shows reliable results that encourage us to 
direct the future demand aiming to the cleanup of road traffic by conversion of vehicles to CNG.  
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2. Compressed Natural Gas “CNG” 
 The CNG is compressed to 200 Bar, this fuel has been already tested, since in 2009, it has been identified more 
than 10,5 millions vehicles running with  this fuel in the Worldwide (fig.2), 15,800 distribution stations and the 
world consumption of CNG is 27,5 million toe/year [11]. This technology spread worldwide, especially in countries 
whose gas reserves are important. Most automobile manufacturers have their own model of dedicated CNG 
vehicles. 
Fig. 2: The CNG fuel uses in the worldwide in mid 2009 [11] 
The CNG: 
oIs composed of 85 to 99 percent methane [12]; 
oHas the highest energy/carbon ratio of any fossil fuel [13], and has a high octane (110/130) [14] [15] (against 
95 and 98 for gasoline and 92/96 for the diesel [16]). His feature helps the increase of the compression ratio 
engines and thus the efficiency [17];  
oIs safely:  It is lighter than the air, in the case of gas leak, it goes to the atmosphere;  
oAuto-ignite above 540 °C (450 °C for LPG, 220 °C for Unleaded gasoline and 225 °C for diesel) [18].  
oDoesn't freeze until below -165 ° C, which makes it insensitive with the climatic conditions [14]. 
The natural gas vehicle is currently one of least polluting vehicles available on the market. In fact, compared to 
others vehicles powered with petroleum products, the CNG vehicles have shown a very strong reduction of the 
polluting emissions (-100 % of lead,  the NonMethane Hydrocarbons are reduced by approximately 50%, - (50-
87%) of NOX , - (20-30%) of CO2 , - (70-95%) of CO. And the combustion of natural gas produces almost no fine 
particulate matter) [15] [17]. Natural gas vehicles have significantly low noise levels and engine vibration, it reduce 
noise about -5 to -8 decibels by vehicle [14]. It thus contributes to improve the urban living conditions. The CNG is 
transported primarily through underground networks, thus removing the harmful effects related to the road transport 
of fuels. The CNG can also be fuelled at home, with the use of domestic compressor. 
The natural gas is also one of the most economical fuels to the covered kilometers. Also, if we take into count the 
emissions of Greenhouse Gas on the overall chain of use, the CNG brings profits of 20 to 25 % comparing to 
gasoline and 10 to 15 % comparing to diesel [19]. 
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In addition, biomethane or bio-CNG (mixture composed mainly of methane (CH4) and carbon dioxide (CO2)). 
Which is the purified biogas, that has a quality similar to natural gas (calorific value, composition), can be 
incorporated to CNG, and used in CNG vehicles without changing any things in the engine, or infrastructure 
associated to the distribution. These two fuels are quite complementary, since the biomethane is the renewable 
CNG, but the bio-CNG can only develop if the CNG skill itself is well established [20]. 
3. Compressed Natural Gas fuel in Algeria 
Algeria has several advantages in developing of the CNG technology engine. This trend is in accordance with the 
Algerian model of the energy consumption. This model tends to focus for the internal needs of the country the use of 
the energy sources that is the most available and the least extracted. So, Algeria tends to support the substitution of 
petroleum products (widely exploited reserves and most valued for exportation) by the gas products. 
 The availability of natural gas in enough quantities, whose proven reserves are estimated at 4 600 billion m3 (while 
there are only 400 million m3 of oil), would support this energy trend strongly [21]. The availability of natural gas in 
Algeria entrusts to the CNG a promising future, more especially as it is characterized by a high number octane 
(about 110) and an appreciable calorific value. The Algerian natural gas is termed ‘H-gas’ (High calorific value), its 
HCV is 42.9 MJ / Nm³ and its LCV is 38.7MJ/Nm3. It has a Gross Calorific Value (GCV) of between 9.640 and 
10.650 kcal/Nm3, it has an Index of Wobbe of between 11.2 and 12.2 (kcal/Nm3), its contents of H2S are only traces 
and its CO2 contents is lower than 3% (% molar) [14]. Algerian natural gas is a high quality gas.  
In addition, applying of CNG as automobile fuel is in adequacy with: 
 The policy of preservation of the environment and the fuel diversification.  
 Energy policy and national consumption model: The Law 99-09 dated on 28/07/1999 integrates Natural 
Gas within the framework of the national control program of energy and insists on the development of 
Gases use as clean fuels. 
All this political willingness helps to promote this fuel and should make the penetration rate of CNG in Algerian 
fuel market basically high. 
And thus, among the energy options retained in Algeria are the priority and maximum use of Natural Gas products 
and the progressive reduction on the part of the crude oil products in the balance sheet of the national consumption 
of energy.  
Unlike the other fuels (gasoline, gasoil) which are transported by road. The CNG is transported mainly by 
underground pipelines that are highly developed in Algeria (fig.3), which is much expanded inside and outside the 
country. It already has three pipelines for Europe, where some sections pass through Morocco and Tunisia, and is 
developing two major projects: the Trans-Saharan Gas Pipeline from Nigeria and hence GALSI directly to Sardinia. 
SONELGAZ (Algerian Company of Electricity and Gas), manages currently more than 23000km composed of high 
pressure piping (20 and 70 bar) and low pressure (4 bar) [22]. These pipes run alongside and cross the main roads of 
the country covering 231 urban localities. That will ensure the provision by direct supply of the fuel on the spot of 
consumption (installation of the compressor plants). Within this framework, the efforts are focused, on the creation 
of a network of Filling Stations in the great agglomerations (pollution is high), then the issue of autonomy of the 
vehicle does not arise (small distance travelled, very developed natural gas urban network). 
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Fig. 3: Algeria’s Natural Gas infrastruvture, 2007 [23] 
Moreover, the Algerian potential of biomass which is distributed between wastes from human activities, and urban 
and agricultural wastes which are not recycled, is estimated to 1.33 Mtoe / year [23]. This biomass can be used to 
produce the biomethane or bio-CNG. 
In 1998, the SONELGAZ group launched an operation of controls and realization of the first infrastructure of 
distribution of CNG fuel. Within this framework, two (02) compressor plants were carried out between 1999 and 
2001, these stations located in “Gué de Constantine” and “Caroubier” (Algiers) are operational. In parallel ten (10) 
dedicated buses to CNG were acquired and one hundred - twenty five (125) light vehicles were converted [14] 
(fig.4). 
From 2003, the promulgation of several lawful texts concerning the CNG marked the actions of promotion of this 
product. At the present time a work of analysis and actualization of the regulation is carried out. Thereafter, several 
legislative texts were promulgated one of theme is the executive decree of December 2th, 2003 fixing the conditions 
of the exercise of the activities of distribution of Compressed Natural gas (CNG) like automobile fuel and 
installations of kits of conversions on the vehicles. 
Today, Naftal company (National Company of Marketing and Distribution of the Petroleum products) plans to 
develop CNG filling stations trough the country. Four projects have been initiated ((02) in Algiers, (01) in Oran and 
(01) in Annaba) [14]. 
The Table 1 shows the current prices structure of the fuel. The actual prices of CNG, in Algeria, are lower than those 
of the competing fuels in the pump. However, the CNG retail margin (1.75 DZD/liter) is more important than those 
of gasoline and of the diesel, but less than the LPG margin (2.50 DZD/liter). The importance of specific 
consumption makes the CNG close to the GPL/ fuel for the light vehicles and close to the gasoil for the buses. The 
CNG interest is to be found in the environmental level as well as in the economic level. 
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Fig. 4: Above, “Gué de Constantine” (left) and “Caroubier”(right) compressor plant. Below, SONELGAZ bus and car (left), ETUSA bus (right)  
    
The retail margin of the CNG can not make this fuel competitive for the distribution sector. In fact, the cost of a 
compressor plant (the installations and the connection) is extremely high. As an example, the estimated cost of the 
CNG filling station is about 50 000 to 500 000 € depending on the type of loading (slow or fast) [14].
While the cost of a bus is about 320 000 € /unit and the cost of the Kits of conversion (tank included) is at least 600 
€ depending to the technology used for the fuel injection and the type of tank. 
Table 1: Current structure of fuel prices [9] 
Products Retail margin (DZD/L) Price with the pump (DZD/L) Price to the 100 Km (DZD/L) 
super gasoline 1.50 23 230 
Diesel** 1.25 13.70 753 
LPG Fuel 2.50 9 108 
CNG 1.75 3.24 104* 732** 
*  Light vehicles 
** Bus
l’ETUSA (H.Dey) (1999) Filling StationGué de Constantine (2001) Filling Station
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The investment cost of the CNG fuel constitutes the major barrier of its development But the insufficiency of 
inciting measurements and the lack of the information intended for the potential consumers (taxi, fleets of 
companies, administrations and public grid systems), and the insufficiency of the technical skills, are others 
handicaps that contribute to low development of the CNG as fuel in Algeria. 
4. Prospects for development of the CNG fuel in Algeria 
The strategy for development of CNG fuel in Algerian must be implemented, and the promotion of the CNG product 
will be done by the suggestions of a new financing and incentives measures.  
Studies were started to define a suitable prices system. However, it proves that it is difficult to define a price in the 
pump which ensures at the same time competitiveness compared to the traditional fuels and which takes account of 
the too high costs of distribution station.  
This operation of financing by the State could be registered on the Development funds of the Environment or the 
National Funds of Control of Energy. It must be accompanied by the implementation of inciting measurements 
including: 
1- Revision of the price structure of CNG for improving the retail margin and reducing the current price with the 
pump or by setting a nominal fee.  
2- Reducing the tax burden on the product and equipment. 
3- Generalization of the CNG use by public transport : buses, taxis … 
5. 2BConclusion 
As the Algerian automobile fleet grows, the energy and environmental problems generated urges the development of 
a cleaner and abundant automotive fuel.  
With a view to environmental protection, the development of Compressed Natural Gas is a major axis of the 
Algerian energy policy. This is consolidated by the abundance of the gas resources and the development of the 
distribution network of natural gas. 
The strategy for development of Compressed Natural Gas fuel in Algerian must be implemented, and the promotion 
of the CNG product will be done by the suggestions of a new financing and incentives measures. 
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